To develop a preliminary screening procedure for waterlogging resistance, a waterlogging resistant ICP 8379 and a waterlogging susceptible cultivar ICP 7035 were grown in pots using different growth media and subjected to 6 days of waterlogging. Waterlogging caused a significant reduction in root dry mass of both cultivars which was greater in ICP 7035 than tn ICP 8379, The reduction in shoot dry mass was comparatively small. The most conspicuous differences between the two cultivars occurred in terms of plant survival. In different soil treatments, ICP S379 showed 0-38 % mortality and ICP 7035 showed 63-100% mortality. The variation in mortality occurred in response to differences in growth medium. Using the growth medium that gave maximum differences, eight additional cultivars were compared along with ICP 7035 and JCP 8379. Significant differences m plant mortality among different cultivars were observed, A number of cultivars showed similar low mortality as ICP 8379, Therefore, there appears to be a potential to use this method for preliminary screening of a large number of pigeonpea cultivars for waterlogging resistance.
Introduction
Pigeonpea is an important crop in South Asia, Eastern and Southern Africa, and the Caribbean regions. In some of these regions, rainfall events can be very intensive resulting in temporary waterlogging or complete flooding ofiields. On soils with high water holding capacity, such as Vertisols and Indo-Gangetic Alluvium, short-term \s'aterlogging frequently occurs during the rainy season when pigeonpea is normally grown (Reddy and Virmani, 1981) , The risks of crop failure or yield reduction due to short-term waterlogging are particularly acute in extrashort and short-duration genotypes because they have Jess time to recover from the stress compared to mediumor long-duration cultivars (Matsunaga et al, 1991) ,
The incidence of short-term waterlogging stress in pigeonpea can be minimized by ensuring good drainage of fields by, for example, ensuring appropriate slopes and preparing the seed bed either into ridges and furrows or broad-bed and furrows (Hodgson et al,, 1989; Choudhury and Bhatia, 1971: Kampen, 1982) , Apphcation of N fertilizer to soil during waterlogging stress can also alleviate this stress (Matsunaga et al, 1991) , However, these management options are often inadequate as well as expensive. To supplement or substitute these options, the development of cultivars with increased ability to withstand waterlogging stress is necessary. Although not conclusive, there are indications of substantial genotypic differences in waterlogging resistance in pigeonpea (Chauhan, I9S7; Dubey and Asthana, 1987) , Routine identification of the resistant cultivars has not been possible due to a lack of a reliable screening technique. In the past, some attempts were made to screen pigeonpea in the field (Chauhan, 1987; Dubey and Asthana, 1987) , These have, however, met with difficulty due to the inability to control the level of waterlogging and the confoundingeffectsof/'M'w/'A^/wrtf blight. In addition to predisposing plants to Phytophthora, waterlogging allows infection to spread rapidly from one part of the field to the other (Reddy et al, 1990 ). These uncertainties have so far discouraged large-scale germplasm screening exercises. These difficulties can perhaps be eliminated in pots using uninfected soil at least for a preliminary screening. This paper reports the results of experiments to explore the feasibility of screening pigeonpea for waterlogging resistance in pots.
Materials and Methods
The experiments were conducted in the open air (30/20'C mean maximum/minimum temperatures) at ICRiSAT Asia Center, Pigeonpea seeds were sown in round plastic pots of 18 cm top diameter containing 2 kg of finely sieved Vertisol (Typic Pellustert) collected from a field where pigeonpea had not been grown for at least 5 years, A basal dose of 28 mg P kg-soil~' as single superphosphate was mixed uniformly with the soil in both the experiments to avoid the possibility of P deficiency. The pots had perforations at the bottom and were lined with muslin cloth to allow free drainage of water, in each pot, four uniform seedlings were raised from eight seeds sown and kept at about field capacity (30 % w/w) until the time of imposing waterlogging stress, A set of replicated (3 or 4 times) pots with 40-day-old plants was submerged for up lo 8 days in water-filled plastic troughs of 52 x 22 x 17 cm dimensions while a similar set of pots containing seedlings was kept in empty troughs as controls. Specific details of each experiment are given below.
Effect of growth medium
Two cultivars, ICP 7035 which indicated susceptibility and ICP 8379 which indicated resistance to waterlogging in earlier field screening attempts, were sown in pots containing Vertisol on 1 July 1991 in the open air as described above. There were six soil treatments: (a) unsterilized soil without nitrogen (US-N); (b) unsterilized soil with nitrogen (US-t-N); (c) sterilized soil with Rhizobium and without nitrogen (SS-I-R -N); (d) sterilized soil without Rhizobium and with nitrogen (SS -R-i-N); (e) ,sterilized soil without Rhizohium or nitrogen (SS-R-N); and (0 sterihzed soil with both Rhizobium and nitrogen (SS-{-R-f N), Nitrogen was applied as urea at the rate of 80 mg pot"' (approximately 80 kg ha ') in four equal split doses at weekly intervals, starting 1 week after sowing, Pigeonpea seeds were inoculated with Rhizohium strain IC 3195 as per the treatment at the time of sowing. Plants were subjected to waterlogging at 40 days after sowing for 6 days. Plant survival was recorded 2 days after waterlogging was relieved. Plants were then harvested and dried at 80 C for 48 h to obtain shoot and root dry weights. The experiment was conducted in factorial randomized block design with four replications.
Cultivar differences in waterlogging resistance
Ten cultivars of medium-duration (180-200 days to maturity), ICP 8743, iCP 13562, KPBR 80-2, ICP 8338 ICP 14199, HY 3C, ICP 14114, T 15-15 and ICP 7035 and ICP 8379 were sown in unsterilized soil in the open air on 2 July 1991. When plants were 40 days old they were waterlogged for 6 days as described above. Plant mortality was recorded 2 days after waterlogging was relieved. The experiments were arranged in factorial randomized block design with three replications and the data on mortality (%) were recorded and analyzed after angular transformation.
Results and Discussion
The two criteria that have generally been used in selecting plants for resistance to waterlogging are extent of plant survival and extent of growth reduction (Krizek, 1982) , In the present study, we found that plant response in terms of mortality, although representing an extreme response, better distinguished cultivars than the other growth related traits such as root and shoot mass (Table 1, Fig, 1 ) Moreover, differences that can be assessed visually and efficiently are more appropriate for a rapid screening, Cultivars ICP 7035 and ICP 8379 differed markedly for survival under waterlogging (Fig, 1) , Significant variation in mortality was observed due to the soil treatments (Table 2) , However, the differences in plant mortality between the two cultivars were observed irrespective of the soil treatments. As no mortality occurred in the control treatments, the data for these arc not presented. Even though in two of the sterilized soil treatments both cultivars showed comparable mortality as in the unsterilized soil, the development of symptoms was faster in the unsterilized soil (data not shown). The + N treatments of sterilized soil had lower mortality than the -N treatments. This is consistent with the results of Matsunaga et al, (1991) who reported that N application ameliorated the adverse effects of waterlogging. In the present study, a significant beneficial effect of N application was evident in hoth resistant and susceptible cultivars in the sterilized soil, but only in the tolerant cultivar in the unsterilized soil. The reasotis for this are not clear but could be due to differences in severity of waterlogging stress or susceptibility of the cultivar. Significant differences in mortality between ICP 7035 and ICP 8379 in the unsterilized soil were only observed when they were waterlogged for at least 6 days. In the sterilized soil, development of waterlogging symptoms were slower. This may be due to absetice of soil microorganisms which compete for available O, and also produce phytotoxic substances (Krizek, 1982) , Significant variation in percentage mortality was observed among 10 cultivars including ICP 703? " us = Unsterilized soil, SS = Sterilized soil, R = Rhizobium, and N = Nitrogen; +or-denote presence or absence of the factor, respectively, in the treatment. and ICP 8379, which were used as controls. Cultivars ICP 13562 showed lower mortality than the ICP 8379, while ICP 7035 showed 100% mortahty. (Table 3) . Cultivars ICP 14199 and KPBR 80-2 were similar to ICP 8379, These results are in good agreement with field performance of these cultivars (Legumes Program, ICRISAT, 1991) . This suggests that Values in parentheses are the angular transformed values and SE values for comparing them, reproducibiltty of the method is satisfactory, Reproducibility could be further improved by a better control of soil and aerial etivironments because these two factors have a large influence on the development of waterlogging symptoms (Thompson and Fick, 1981) . However, those cultivars which show resistance to waterloggitig in variable environmental conditions may be more suitable for diverse waterlogging environments.
For large scale screening of pigeonpea cultivars, it is thus recommended to grow plants of test genotypes in pots as described above together with the susceptible (ICP 7035) and the resistant controls (such as ICP 8379), The plants should ideally be grown in a green house with soil moisture maintained at about 75 % of field capacity to ensure that plants are not waterlogged before treatment imposition. When seedlings are about 40 days old, the pots containing them can be submerged in waterfilled troughs until substantial mortality in the susceptible control occurs coinciding with incipient wilting in the resistant control. Since pigeonpea is a slow growing crop initially, it may not develop enough growth prior to this period (Brakke and Gardner, 1987) , A comparison of mortality of the test genotype with the resistant control after relieving waterlogging provides an indication of its resistance. Although ICRISAT maintains a collection of over 12 000 pigeonpea germplasm accessions, a selective but systematic approach to germplasm screening is recommended. Initially it is suggested that germpiasm accessions derived from waterlogging prone regions and representing major maturity groups should be screened. Genotypes identified resistant at 40 days should also be screened for resistance at later stages. Identification of mechanisms of waterlogging resistance may further help to refine screening procedures for waterlogging resistance in pigeonpea and studies in this regard are in progress, 
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